In this work, ZnO thin films pure and doped with GaO were deposited using pulsed laser deposition (PLD). Technique using a double frequency 
Introduction
Transparent conducting oxide (TCO) is very important in optoelectronic application, such as solar cell, sensor, and liquid crystal displays. In recent years, the appropriate materials of TCO are SnO 2 , In 2 O 3 , Sn:In 2 O 3 (ITO), Cd 2 SnO 4 [1] , and ZnO [2] . ITO is used usually to be a transparent conducting film [3] [4] [5] , but the cost of ITO is too high to reduce the price of products which have a TCO film. ZnO is a semiconductor with a wide direct band gap (3.37 eV) and large exciton binding energy (60 meV). Exciton lasing mechanism from ZnO films at room temperature was reported recently [6] . Strong room temperature luminescence, high electron mobility, good transparency, etc. are some the advantages of ZnO [7, 8] . Wurtzite structured ZnO, a wide band gap semiconductor is a potential candidate for optoelectronics devices [9] . The conductivity of ZnO without intentionally doping is not high enough as TCO films. Thus, improving the conductivity of ZnO must rely upon doping elements into ZnO. The group-III elements, such as Al [10] [11] [12] [13] [14] , Ga [15, 16] , and In [17] , are usually served as dopants for substituting zinc in order to increase more electronic carriers, then the conductivity can be improved. As doping concentration increased heavily, the amount of electronic carriers are also increased in general. Generally, ZnO films are fabricated by RF magnetron sputtering [18, 19] , chemical vapor deposition [20] , spray pyrolysis [21, 22] and sol-gel process [23, 24] , etc. Among them, pulsed laser deposition [25] technique, metal-organic chemical vapour deposition (MOCVD) [26] , arc plasma evaporation [27] , dip-coating [28] and ion plating [29] . This outline provides a good context in which is pulsed laser deposition (PLD) can be viewed. PLD is a physical deposition technique: a physical process is used to deposit a vaporized form of the 
Experimentation
ZnO: GaO powders were mixed for 2h to obtained highly homogeneity samples. The powder then pressed to form a pellet of 1.3cm diameter at a pressure of 3 ton, using uniaxial hydraulic press. These pellets were then sintered at 1373K for 5hr.The concentrations of added oxide are given in Table 1 . Figure 1 shows the X-ray diffraction pattern of ZnO thin films prepared by pulsed laser deposition (PLD) technique on glass substrate at room temperature with different annealing temperatures (373, 473K and 673K). There is not evidence of any phase present that means the formation of ZnO phase weak or amorphous. After annealing at 673K for (2hr), X-ray diffraction detected a growth of ZnO on glass. We can be noticed from the X-ray pattern that the peaks at (2θ = 31.826 amorphous. On the other hand, the XRD patterns of doped ZnO films with annealing temperature (673K) the structure of these films showed be a polycrystalline. We can be noticed from the X-ray pattern that the peaks at (2θ=31. Table 3 shows experimental (2θ) shifting for (GaO ) and (hkl) for film deposed on glass substrate. Figure 3 shows the results of microscopic examination (Nikon-Japan) of the ZnO thin films before and after doping with GaO. Observed before doping the presence of two phases one crystalline of ZnO, and the other for amorphous phase as proved by XRD. In case of doping samples the surface appear clear that mean has less voids and looks smooth and homogenous. After annealing as show in Figure 4 and 5 observe the effect of annealing on the structural properties, when annealing at 473K note smoothing and clearly on the surface membranes, some disappearance of the voids and granular border as well as starts to crystallize and impurities are almost virtually non-existent, while annealing at 673K observe the disappearance of the most defects crystal line's improved the crystal structure and the surface becomes more homogeneity and fine. Figure 6 shows the influence of impurities on the grain size, where the doped leads to the decrease grain which that means with 0.06wt% Ga doping the crystalline nature of the film are decreased and also makes the surface more smoother and uniformed. In addition to taking into consideration the influence annealing at 673K on the grain size, the annealing cause increased the grain size and crystallized the membranes. Figure 7 shows the crystallization in the film was improved by a sufficient thermal crystallization at 673K. 
Results and discussion
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Optical Microscopic Examination

Atomic Force Microscopy (AFM)
5, Optical Properties of ZnO films
The optical properties of the deposited amorphous ZnO films on glass at room substrate temperature have thickness of (300) nm, at different annealing temperatures ranging from (373-673)K doping with different concentration of oxides, have been determined using UV-VIS in the region (200-1200) nm .The properties include the UV-VIS absorption, transmission spectrum have been measured. The optical energy gap is given by Tauc relationship [31] . Where, α is the absorption coefficient, A is the constant, h is the Planck's constant, υ is the photon frequency, Eg is the optical energy gap and n is the 1/2 for direct energy gap semiconductors. The optical energy gap decrease with increasing annealing temperature [32, 33] , as show in Table 4 . The direct energy gap values for amorphous ZnO pure and doped with different elements of mixed oxides (GaO) for doped is (0.02, 0.06 and 0.1)wt ٪ are in the range of (3.8 -4.1) eV, as shown in the Figure 8 . It is also observed that the direct energy gap energy inecreases with doping elements. This is presumably because of the effect exerted by the perturbation in the carrier concentration in the conduction band. The λ cut off calculate when wavelength = 0. The λ cut off increase shift to short of wavelength with increasing impurities ration [34] as show in Figure 7 . The Table 5 explain effect doping on λ cut off. 27 Figure 9 and 10 shows the spectral optical transmittance and absorbance as a function of wavelength in the range 200-1200 nm for amorphous ZnO thin films and doped with different elements of mixed oxides (GaO) of (0.02,0.06 and 0.1)wt٪ on glass substrate at room temperature by pulse laser deposition. An increment in the transmittance is observed as the doping oxides were changed from (GaO). The films were found to be highly transmittance in the visible wavelength region. The maximum transmission observed for amorphous ZnO was almost (70%)up to 400nm, while for the doped films, the maximum transmittance equal (90%) for ZnO:GaO of (0.1 wt٪). The maximum transmittance observed for amorphous ZnO deposited at room temperature equal to (70%) in the UV region, while for the annealing films. the maximum transmittance equal (89%) at annealing temperature (373K). The behavior of the transmittance spectra is opposite completely to that of the absorption spectra. In general, we can observe from this figures that transmittance increases with increasing of annealing temperature and this may be due to improving the crystallite size which means a decrease in the absorption. The films were found to be highly transmittance in the visible wavelength region with an average transmittance in excess of 80%. This is probably ascribed to the increase of particle sizes and surface roughness.
The variation of absorption coefficient with wavelength for amorphous ZnO films deposited on glass substrate at room temperature at different annealing temperatures (373, 473 and 673) K are shown Figure 11 . It is observed that the absorption coefficient decreases with increasing wavelength. This means that direct electronic transition happens. Also, we can notice from this figure that (α) in general increases with the incrase of annealing temperatures 
Conclusion
Undoped and doped ZnO with (Ga) oxide films were successfully deposition on glass and silicon substrates by pulsed laser technique and thermally annealed at (373, 473 and 673)K, states were investigated. All films are semiconducting in nature with n-type conductivity.
The XRD results for undoped, doped and heated samples at 373K of ZnO thin films were amorphous. Thin films exhibit hexagonal crystal structure of undoped ZnO thin film at 473K and 673K. The intensity of peaks increased with increasing growth temperature at 673K.
The optical microscopic examination of thin film samples show the disappearance of voids, with smooth and relatively high homogenity, AFM images also support the slow growth of crystallite sizes for the undoped and doped ZnO and also for the annealed films.
The transmission of undoped ZnO thin film was found to be above 70%, but higher for other doped one (85-90)%. After annealing an improvement were found in transmission for both undoped and doped film samples. In case of Samples annealed at 673K show low in transmission in UV region for ZnO thin film doped with Ga. The band gap for as prepaded was 3.8 eV ,then after annealed at 373K slightly decreased to be 3.78eV, then show a value of 3.70 eV at 473K and 3.59 eV at 673K. The λ cut off increase shift to shorter wavelength with doping, while the λ cut off increase with increasing annealing and shifted to longer wavelength.
PL emission spectrum from undoped ZnO thin film has a broad yellow-orange at wave length (610 nm). For doping ZnO with (0.02 and0.0 6)wt% Ga have a band emission in yellowgreen regions (380-450)nm, In addition to the first emission(broad yellow-orange) and less intensity. ZnO doped with Ga 0.1wt%, give high intensity in the region of yellow-orange band, and then vanished at yellow-green band.
